Abstract. p-Nitrobenzene diazonium fluoroborate (NDF) is a potent inhibitor of the carbamylcholine-induced depolarization of the electroplax and of acetylcholinesterase. It probably forms covalent bonds with the acetylcholinereceptor and -esterase at the active site of the proteins. Its inhibitory strength is at least the same as that of trimethylammonium diazonium fluoroborate (TDF). The p-acetoxy analog, with its weaker electron-withdrawing group, is about ten times weaker as an inhibitor than the trimethylammonium or pnitro analogs, both of which have strong electron-withdrawing groups. After treatment of the electroplax preparation with dithiothreitol, NDF remains an irreversible receptor-inhibitor, while TDF becomes a potent reversible receptoractivator. TDF is self-inhibitory: applied before reduction, it no longer depolarizes.
TDF, being a diazonium salt, readily forms covalent bonds with suitable amino acid residues. The potent receptor inhibitors d-tubocurarine, dimethyl dtubocurarine, and flaxedil protect against the irreversible inhibition by TDF, even when ten times larger concentrations of TDF are used. 8 In the present study we have tested TDF, its dimethyl analog (DDF), its p-nitro analog (NDF), and its p-acetoxy analog (ADF). The potencies of these compounds in affecting the monocellular electroplax preparation were compared and their stabilities in solution were determined. The relative abilities of TDFl and NDF to inhibit acetylcholinesterase were also studied.
Method. All compounds were synthesized and purified by methods described ill the literature (TDF,1' DDF,12 NDF,13 ADF13).
Because the electroplax experiments were carried out in pH 6 eel Ringer's solution, studies of the decomposition of the above compounds were carried out in that solvent using 1 mg/100 ml solution of TDF and its analogs. Reaction rates were followed by observing the disappearance of ultraviolet extinction at 253 nm for TDF, 378 nm for DDF, 260 nm for NDF, and 269 nm for ADF. The compounds were placed in thermoregulated (25.00C), stoppered quartz cuvettes. A Cary model 15 recording spectrophotometer was used. Plots of log A against time yielded straight lines, from the slopes of which the first-order rate constants of decomposition were obtained (see Table 1 ).
Single cells from the electric organ of the electric eel were dissected and mounted in a lucite chamber according to the procedure developed by Schoffeniels.14 The method of recording the resting potential was the same as that described previously."5 The composition of the eel Ringer's solution was NaCl 160, KCl 5, CaCl2 2, MgCl2 2, NaH2PO4 0.3. and Na2HPO4 1.2 mM. The incubation pH was 7.0, the temperature 250C. The compounds were dissolved in Ringer's solution at pH 6.0, with a phosphate buffer concentration of 50 mM immediately before use. In some experiments 1 mM L-histidine was added after the application of TDF and NDF, to quench unreacted molecules, but no difference in the results was observed when.the-cell was washed in Ringer's only.
Results. Figure 1 shows dose:-response curves for carbamylcholine with and without pretreatment with 0.01 mM TDF and NDF or 0.1 mM ADF for 20 min. It can be seen that TDF and ,IERinhibit the carbamylcholine response to an almost identical extent"whiMe'ADF is ten times weaker. If a cell is incubated with 0.05 mrnM TDF or NDF for 20 min, the response to 0.05 mM carbamylcholine is abolished-and 1 mM carbamylcholine causes only 5-10 mV depolarization. NDF also inhibits the depolarizations produced by tetramethylammonium and phenyltrimethylammonium. The NDF. As shown in Figure 2B , the reipons4 to 0.05 mM carbamyicholine was only slightly reduced if 0.05 mM NDF was applied together with 0.5 mM hexamethonium. If the cell were to be exposed to NDF alone, the response to 0.05 mM carbamylcholine would be absent (see .'Pig. 1) . Hexamethonium is about half as effective in the protection of the binding sites against TDP than against NDF (Fig. 2A) ; this is measured by the response to carbamylcholine after exposure to 0.5 mM hexamethonium in the presence of the two analogs. As reported by Podleski et al.,16 TDF becomes a very potent, reversible receptor activator after exposure of the cell to dithiothreitol, which reduces S-S bonds in the vicinity of the receptor site. 17 NDF, evren at a concentration of 1 mMI, does not depolarize the electroplax membrane after dithiothreitol, but inhibits irreversibly the depolarization caused by TDF, regardless of whether it is applied before or after dithiothreitol (Fig. 3) . Mfter dithiothreitol the response to 0.04 mMd carbamylcholine is reduced, while 0.005 mM TDF causes a fast depolatization which is reversed immediately and completely on addition of 0.1 mM NDF in the presence of 0.005 mM TDF. Mfter removal of NDF from the test solution, TDF no longer depolarizes. The same effects are observed when the reduced cell is incubated in 0.05 mM NDF? for 10 mmn and washed in Ringer's: the depolarizing action of TDF is abolished. TDF is self-inhibitory. Mfter incubation of the cell in 0.1 mM TDF for 20 mmn before reduction, the depolarizing action of TDF is also abolished. Discussion. The stabilities of the various analogs in eel Ringer's solution, at pH 6, decrease from DDF to TDF to NDF to ADF. The half-life of ADF is 40 min compared to 69 min for NIDF (Table 1) . Since the solutions were pre- pared immediately before application to the electroplax, the difference in potency cannot be accounted for by the different half-lives. The striking lack of reactivity of DDF must be due to this compound being predominantly in the paraquinoid resonance form. It was noted previously that the spectrum of DDF resembles that of TDF only in very-strong acid. 18 The observation that NDF is as potent as TDF in inhibiting the carbamylcholine response indicates that the trimethylammonium group of TDF is not contributing tQ the blocking action by this compound, as seemed reasonable to assume in view of its similar structure to phenyltrimethylammonium, a potent depolarizing compound. The diazonium nitrogen has a strong positive charge whose magnitude depends on the para substitution of the phenyl ring. The p-trimethylammonium and the -nitro groups have similarly high electronwithdrawing properties, while the p-acetoxy group is much weaker. Thus, the inhibitory potency of these compounds may be explained by the ease of coupling with the diazonium end.
The observations8 that d-tubocurariine and phenyltrimethylammonium protect the binding sites of acetylcholine against the action of TDF were confirmed; these compounds also protect thee binding sites against the action of NDF. Thus, one is led to the conclusion that TDF analogs do indeed interact with the binding sites of the receptor, but that the diazonium group itself, rather than the trimethylammonium group, is implicated in attachment to the receptor biopolymer.
After exposure of the electroplax cell to dithiothreitol, TDF becomes a potent reversible receptor-activator at concentrations 100 times lower than were necessary for the irreversible inhibition of the carbamylcholine response. NDF does not depolarize the membrane after dithiothreitol, but inhibits irreversibly the depolarization induced by TDF. These observations suggest that it is indeed the trimethylammonium group of TDF which specifically induces the depolarization of the reduced receptor. TDF is self-inhibitory; if applied before reduction it no longer causes depolarization. This suggests that either end of the molecule can interact with the same active site on the receptor, but with different affinities.
The observation that NDF inhibits acetylcholinesterase about as efficiently as does TDF (Table 2) suggests that, here too, the trimethylammonium group of TDF is not necessary for the reaction with the active site of the enzyme. 
